Forensic anthropologists are continually attempting to find new methods to use in skeletal identification, or are re-evaluating and refining existing methods. Methods to determine the sex and ancestry of unknown skeletons are either based on morphological (non-metric) or metric characteristics of the various bones of the human body. It is of the utmost importance that these methods (both metric and non-metric) are accurate, precise and repeatable.
Due to the fact that forensic anthropologists can be requested to defend their results in a court of law, the anthropological methodologies which they apply to any case of forensic origin should be continually scrutinized for scientific validity and applicability in the population. A solid scientific approach to skeletal analysis is paramount not only to their professional career, but also to the accurate identification of the victim and, if needs be, conviction of the criminal involved.
In the United States, 1975 Federal Rules of Evidence (FRE) Rule 702 states that the trial judge is in charge of deciding the relevance and reliability of expert testimony [1] . In order to fulfill these duties, they must evaluate the methodology of the research according to the Daubert standards, which were named after the well-known court case of Daubert vs. Merrel Dow Pharmaceuticals [1, 2, 3] . The Daubert guidelines place emphasis on the methods used for analysis (as well as the testability, repeatability and validity), rather than the experience of the person providing the testimony. This has led to a shift in defining the goals of forensic anthropological research, the collection of evidence and the overall analysis of skeletal remains [2, 3] . In essence, the connection between the data and the methods used is extremely important, and the expertise, alone, of any specialist is no longer adequate to ensure acceptance in a court of law.
While the American judicial system does not influence South African law, the outlined regulations for the acceptance of expert testimony provides all forensic anthropologists with much introspection into the various anthropological techniques and methods which have been used and presented as expert testimony in the country, as well as the criteria necessary for one to engage in the practice of being a forensic anthropologist.
The testing and replication of methods have become more important. This also pertains to our ability to precisely and repeatedly measure elements of the human skeleton, as many of our methods to determine sex, for example, rely on the ability to accurately measure skeletal elements. This was the focus of a study by Adams & Byrd [4] , who tested the interobserver repeatability of selected post-cranial measurements.
These authors concluded that pubic length (amongst others) could not be reliably measured. They measured it from the point in the acetabulum where the three elements in the innominate meet, to the upper end of the pubic symphysis. These authors advised that this measurement should not be used at all, and by implication also not the ischial length as it uses the same point of origin which is difficult to locate.
A large volume of studies have been published where various measurements of the os coxa have been used to assess sexual dimorphism [5] [6] [7] [8] [9] [10] [11] [12] [13] . Although pubic length reflects the differences between the sexes very well, this begs the question as to which, if any, of the measurements reflecting pubic and ischial length should be used in metric determination of sex from the pelvis. Metric estimation of sex from the pelvis (especially discriminant function analysis), becomes particularly important when dealing with incomplete or fragmented remains, or cases where the morphology is ambiguous [8, 9, 11, 12, 13] . This is of special importance in South African individuals as methods like the Phenice method have not yet been tested on South African populations.
The aim of this study was to measure pubic and ischial length, using three different methods described in the literature, in order to assess which of them (if any) can be measured reliably and with a high degree of repeatability. For this purpose four observers measured and remeasured the same sample of os coxae, and the repeatability was assessed.
Materials and Methods
The left os coxae of 100 individuals from the Pretoria Bone Collection, housed in the Department of Anatomy, University of Pretoria, were used [14] . This collection is based on cadavers of donors and unclaimed persons from nearby hospitals that were used in the dissection halls of the medical school prior to entering the skeletal collection. The sample includes people from various socioeconomic groups [14] .
The sample was selected to include 25 undamaged os coxae of each sex-ancestral group represented in the collection (black males, white males, black females and white females). This was simply done to ensure that all possible variation is included in the sample to be measured, because as Adams and Byrd [4] pointed out, the error rate of a method using measurements not only depends on error rates due to inconsistent measurement, but also the natural variability in the trait being measured.
Four observers took a set of six measurements from each left os coxa, which they then repeated a second time (at a later stage). The four observers had varying degrees of experience. Two anthropologists have PhD's (observers A and B) and two were post-graduates with some experience in measuring skeletal elements (observers C and D).
Observers A and B have both authored and co-authored several papers on physical and forensic anthropology and have examined more than 400 cases of a forensic nature.
Observers C and D both have masters degrees in Anatomy with specialization in physical anthropology and both have assisted observers A and B in the analysis of various of the above-mentioned cases. The same electronic caliper was used by all observers throughout the study. In order to ensure good comprehension of the landmarks that were to be used, the four observers met before the project commenced and discussed the details of the measurements. No one was allowed to make any markings on any of the bones, and all measurements were taken to one tenth of a millimeter.
The following measurements were recorded for pubis length:
Pubis length a
This measurement was taken from the point in the acetabulum where the ilium, ischium and pubis meet, to the medial border of the pubic symphysis [15] . According to Adams and Byrd [4] , the measuring point in the acetabulum may be identified because 1) there may be an irregularity there, both in the acetabulum and inside the pelvis; 2) a change in thickness may be observed when holding the bone up to a light; 3) frequently a notch can be observed in the border of the articular surface of the acetabulum. In measuring the pubis, care should be taken to hold the caliper parallel to the long axis of the bone. This is the same measurement as was used in the study by Adams & Byrd [4] . Consensus was reached by the four observers to record this measurement from a point close to or on the edge of the smooth articular (lunate) surface inside the acetabulum (Fig. 1) , meeting one or all of the criteria as outlined above.
Pubis length b
This measurement was recorded from the medial border of the pubic symphysis to the point where the iliac blade meets the acetabulum. This landmark is defined as the point on the superior border of the acetabulum at the center of the origin of the iliac blade, and was used by Patriquin et al. [8] to circumvent the problems with using the point inside the acetabulum (Fig. 2) .
Pubis length c
This dimension is measured from the medial border of the pubic symphysis to the closest point on the rim of the acetabulum [11, 12] (Fig. 3) .
The following measurements were recorded for ischium length, and the landmarks correspond to those used for pubis length:
Ischial length a
This measurement is taken from the point in the acetabulum where the ilium, ischium and pubis meet as described above, to the distal end of the ischium [4] (Fig. 1) .
Ischial length b
This is measured from the point on the superior ridge of the acetabulum at the center of the origin of the iliac blade as described above, to the deepest point on the ischial tuberosity [8] (Fig. 2) .
Ischial length c
This dimension is measured from the most distal point of the ischium to the closest point on the rim of the acetabulum [11, 12] (Fig. 3) .
The repeatability/reproducibility of the measurements was assessed using the intra-class correlation coefficient (ICC) [16] , which is calculated from the between and within subject sums of squares in a one-way analysis of variance, using ordinary least squares estimation (LSE). An ICC value of 1 indicates 100% repeatability. Thus the closer the values are to one, the higher the repeatability. The ICC measures the repeatability between the four observers (inter-observer repeatability) when their first readings only are analyzed together, while when the two measurements by the same observer is analyzed within the observer the ICC measures the repeatability within the observer (intra-observer repeatability).
The means, median and 95% confidence interval for each of the measurements, as scored by each of the observers, were also calculated. This shows the ability of each of the observers to record the measurements accurately, in order to assess if the variability observed is particularly due to one individual or not. In addition it also gives an estimate, through the 95% confidence interval (CI), of how big the differences in actual dimensions are. Stata Release 10 software was used.
Results
The results for inter-observer repeatability are shown in Table 1 . Both measurements using the point inside the acetabulum as a landmark (a) show moderate to good repeatability. For the pubis measurement, a 0.826 agreement rate was obtained between the four observers, while for the ischium it was less at 0.795. Intra-observer repeatabilities for the four observers (A-D) are shown in Table 3 . 
Discussion
Although not directly comparable due to the use of different statistical methods, the results from this study are generally in agreement with that of Adams & Byrd [4] who demonstrated that measurements which used the point inside the acetabulum could not be measured consistently between observers. The measurements using this landmark only had ICC values ranging between 0.79 and 0.82, which may not be good enough [17] .
Generally speaking an ICC value of 0.9 indicates excellent repeatability, although values above 0.8 are also good. These landmarks should therefore preferably not be used in any metric analysis.
On the positive side, both other methods using different landmarks performed better, with ICC values above 0.9. The measurements using the origin of the iliac blade as landmark, although not perfectly repeatable, show good consistency. In addition, especially the ischium length dimension (ischium length b) is good to elucidate sexual dimorphism, as it also includes the full width of the acetabulum and can thus be expected to be much larger in males. On the downside, the inclusion of part of the (larger) acetabulum in males in the pubis length measurement somewhat obscures the dimorphism, as it masks the longer pubis length expected in females [7, 18] .
As expected, the intra-observer repeatability is higher than the inter-observer repeatability, and it is possible that each observer had a preconceived notion of where each landmark should be and thus managed to find high repeatability. The fact that some of the values obtained by observer B differed from the rest of the observers (especially ischial length b) illustrate the importance of calculating inter-observer repeatability.
It seems that in this case experience did not make much of a difference, as the less experienced and more experienced observers performed on an equal level. This may have been due to the fact that all observers met and discussed the landmarks before the project commenced, showing that clear definition of landmarks and measurements and good preparation is essential to produce acceptable results. In this regard this study differs from that of Adams & Byrd [4] who asked many observers to measure bones, based on descriptions in the literature only. It shows that a certain degree of training and preparation may be necessary for more complex measurements to ensure that results are repeatable.
In conclusion, this study confirms the observation by Adams and Byrd [4] that pubic and ischial length measurements using the landmark in the acetabulum where the three elements fuse, cannot be measured very reliably although some of the problems with this landmark can be avoided with careful planning and training of observers.
However, there are two other methods of measuring the same pelvic elements, and these can be used with good results. Particularly the measurement using the origin of the iliac blade [8] showed good repeatability and it is advised that this measurement should be used in any study where pelvic measurements are required. 
